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Abstract
This study investigated endospanin expression in zebrafish by performing western blots
to identify which tissues expressed endospanin. A feeding study was also conducted to see if
endospanin expression varied in fed versus unfed fish. After tissues were dissected, protein
assays were performed on homogenized tissues and then gels were run using gel electrophoresis.
The primary antibody rabbit anti-endospanin peptide was used on the finished blots.
Chemiluminescence was then used to visualize the blots using GeneSnap software. Endospanin
expression was evident in heart, liver, and ovary tissues. The feeding study showed that
endospanin expression in liver tissue was not significantly different between the fed and unfed
fish (p=0.476). This baseline research established protocols for endospanin expression studies in
zebrafish.
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Introduction
Leptin is a small peptide hormone made by adipose tissue in mammals that circulates in
the blood.1 It binds to the leptin receptor in the brain and controls appetite and fat metabolism.1
Leptin signaling causes appetite to be reduced and lipid metabolism to be increased.1 Mice
without leptin or the leptin receptor are obese.1 Obese people tend to have leptin insensitivity,
which is impacted by a reduction in leptin transport by the blood-brain barrier.1 It has been
hypothesized that leptin insensitivity may be controlled by the gene endospanin.1
Endospanin, previously known as LEPROT (leptin receptor overlapping transcript), is
transcribed within the leptin receptor gene in humans.1 LEPROT is a small protein that consists
of 131 amino acid residues.1 Endospanin is the result of an alternative splicing mechanism.2 It is
translated out of frame of the leptin receptor forming a distinct proteins product from the leptin
receptor protein.1 Endospanin is a type of integral membrane protein that consists of four
transmembrane domains of roughly 20 residues each.3 It is conserved among animals, fungi, and
plants.3 Endospanin has been shown to be capable of lowering receptor expression at the cell
surface by changing vesicle traffic, and thus LEPROT is a negative regulator of leptin function.1
In humans, and most other vertebrates, the leptin receptor and endospanin gene are in
close proximity on the chromosome, but in teleost fish the two genes are located on separate
chromosomes.1 Currently little evidence exists to demonstrate that leptin acts as an adipostat in
bony fish, as it does in mammals.1 This may be a result of the unique gene arrangement of the
leptin receptor and endospanin.1 Since bony fish do not have the close gene arrangement
between leptin receptor and endospanin, their leptin signaling may be under different control
(e.g. causing leptin to not be an adipostat).1
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Endospanin may play a role in obesity. High fat diet-induced obesity is prevented in mice
when a lentivirus is expressed against endospanin.3 This suggests that endospanin expression
could impact weight. By disabling the hypothalamic arcuate nucleus in obese mice, body weight
drifted back to normal and leptin sensitivity was restored.4 This result could lead to therapeutic
strategies in treatments for obesity where leptin sensitivity is restored.5 Endospanin is also known
to affect expression of GHR, or growth hormone receptor.3 Overexpression causes GHR
expression to decrease, meanwhile, silencing leads to an increase in GHR expression.3 This is
consistent with the idea that leptin resistance is a result of cell surface expression being altered
by endospanin.3 Future work on endospanin could lead to advancements in pharmacology. Drugs
could target increased leptin sensitivity and thus impact weight managment.3
In the present study, I investigated the tissue expression pattern of endospanin in
zebrafish. A feeding study was then conducted to test if endospanin expression was affected in
fed versus unfed fish. These are the first studies to my knowledge of endospanin in zebrafish.
This research will lead to a better understanding of endospanin expression in zebrafish and may
pave the way for future studies.

Methods and Materials
Western Blot Protocol
Tissue Dissection/homogenization
Zebrafish were anesthetized until respiration ceased using Tricaine (0.02%). The total length and
total weight of the zebrafish were then obtained. The desired zebrafish tissues were then
dissected, and the sex of the zebrafish was noted. All procedures using the zebrafish were
performed with approval of the University of Akron’s IACUC policy (protocol # 17-05-09 LFD).
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All tissues were weighed in tubes, and 10% homogenates were made using 10 mM TRIS. The
samples were then sonicated for roughly 5-6 seconds at 5 watts.

Protein Assay
A Bradford assay was used to estimate protein concentration.6 SoftMax Pro Software and a
microplate spectrophotometer was used to read the plate data. Open Office software was then
used to generate a regression with the protein standard data. The data obtained for the unknowns
was used to calculate the loading concentrations for the gels.

Gel Electrophoresis/Semi-dry transfer
Each gel sample consisted of DTT, 4x SDS, protein, and deionized water. The same amount of
protein was loaded per lane and was calculated using the data from the protein assay. After the
samples were assembled, they were heated for 10 minutes at 100ºC. 30 μg protein was loaded
per lane onto 4-20% acrylamide gels. The gels were run at a constant 200 V and for roughly 40
minutes, or until the blue dye ran off the gel. While the gel was running, fresh 5x stock transfer
buffer was made (48 mm Tris, 39 mm Glycine, 0.037590 SDS, 20% MeOH). PVDF membrane
and filter paper buffer pads were cut down to fit the size of the gel. The PVDF was washed with
MeOH and then placed in the buffer. The filter paper was then placed directly into the buffer.
They soaked in the transfer for at least 5 minutes. Some of the transfer buffer was rubbed along
the top and bottom of the electrode. The electrode was then setup with filter paper, then the gel,
then PVDF, followed by another piece of filter paper. The top electrode was then attached, and
the transfer ran for 2 hours at 80 mA.
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Applying Antibodies
After the semi-dry transfer, the PVDF was placed into a blocker solution made of 5% dry nonfat
milk in 100 mL phosphate-buffered saline (PBS). The blot was left in the blocker overnight on a
shaker at 4ºC. The blocker was then washed off with 1x PBS. 10 μL of the primary antibody,
rabbit anti-endospanin peptide (Aviva biosystems), was then placed in a pouch with 5 mL of
PBS+BSA (1 x PBS and 0.1% BSA). The pouch was then sealed and allowed to shake at 4ºC
overnight. The gel was then stained for an hour and then placed in de-stain. The secondary
antibody (HRP-labeled Goat ant-rabbit IgG-Chemicon) was then applied at 1:2000 in
combination with 10 mL of PBS + BSA. This pouch was then sealed and agitated at room
temperature for 5 hours.

Chemiluminescence/Developing
500 μL of chemiluminescent Substrate A and 500 μL of chemiluminescent Substrate B
(Millipore Immobilon Western) were pipetted to a clear pouch containing the blot. The blot was
then immediately developed using a Syngene GBox and GeneSnap software. Bands were
identified and endospanin expression levels were determined using ImageJ (NIH image).

Fish Feeding Experiment
Zebrafish were divided into fed and unfed groups (n=4). The total length and total weights of the
zebrafish were then compared. The fed fish were fed 2% of body weight daily at 10 Am for 2
weeks (Ziegler Adult zebrafish chow). At the end of the two weeks, the animals were
anesthetized, sacrificed, and the tissues were dissected from the fish accordingly. Western blots
were run according to the protocol above. Fed fish were tested for endospanin expression versus
un-fed fish. An unpaired t-test with unequal variances was then performed.
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Results
Western Blot
Figure 1 shows a western blot analyzing gill, brain, heart, liver, and ovary tissues in terms
of endospanin expression. Equal amounts of total protein were loaded in each lane. The gill and
brain did not show endospanin expression. Heart, liver, and ovary appeared to express the same
amount of endospanin based on intensity of bands.
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Figure 1. Depicts a western blot applied with the rabbit anti-endospanin
peptide antibody. From left to right: 1. gill, 2. brain, 3. heart, 4. liver,
and 5. ovary endospanin expression are represented on this blot.

Feeding Experiment
Figure 2 shows endospanin expression in the liver tissue of the fed versus unfed fish.
After quantifying the data, no significant difference was detected between treatments (p = 0.476).
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Figure 3 represents the band intensity of endospanin expression of the fed fish in comparison to
band intensity of unfed fish. Unfed fish exhibited highly variable expression detected as one
intensity was 12511 pixel volume compared to 472 pixel volume in another sample. The fed fish
had a high intensity band of 7832 pixel volume, and a low intensity of 4050 pixel volume. Table
1 shows the total length and total weight (avg. ± standard deviation) of each treatment before and
after. The total length for the fed fish before was 45.3 ± 1.9 mm, compared to 42 ± 3.8 mm after.
The unfed fish treatment group had a total length of 43 ± 3.2 mm before and 41.2 ± 2.0 mm after.
Total weight before for the fed fish was 1.14 ± 0.22 g, compared to after 1.29 ± 0.19 g. Unfed
fish had a total weight before of 0.81± 0.13 g in conjunction with total weight after being 1.07 ±
0.13 g.
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Figure 2. Depicts a western blot from the feeding experiment showing endospanin
expression in liver tissue of fed versus unfed fish. Rabbit anti-endospanin peptide
antibody was used. From left to right: lanes 1-4 are fed samples, followed by two lanes
of standards; lanes 7-10 are unfed samples. p = 0.476. Arrow indicates endospanin.
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Figure 3. Shows the quantified band intensity values of the fed zebrafish versus the unfed
zebrafish endospanin levels in liver tissue. p=0.476.
Table 1. Shows the avg ± standard deviation for the fed versus unfed total length and total
weight before and after treatments.
Treatment
Total Length
Total Length
Total Weight
Total Weight
Before (mm)
After (mm)
Before (g)
After (g)
Fed
45.3 ± 1.9
42 ± 3.8
1.14 ± 0.22
1.29 ± 0.19
Unfed
43 ± 3.2
41.2 ± 2.0
0.81± 0.13
1.07 ± 0.13
*Differences in total length or total weight between treatments and/or before/after treatment are
likely due to measurement error vs. true treatment effects.
Discussion
The goal of this study was to determine what zebrafish tissues primarily exhibited
endospanin expression. Knowing endospanin’s role in mice, this study sought to identify what
tissues expressed endospanin and if feeding changes affected endospanin expression. As an
introductory baseline, this study identified that zebrafish do exhibit endospanin in heart, liver,
and ovary tissues. Qualitatively, gill and brain tissue express low to undetectable concentrations
of endospanin. The feeding experiment demonstrated that endospanin expression in liver tissue
was not significantly different between fed and unfed zebrafish. Lots of variability was present in
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the band intensities obtained. The band intensities were only measured for the most intensely
stained bands on the blot, which were indicative of endospanin expression. Another antibody,
actin, was also applied to this feeding blot to be used in other research and is represented by the
lighter bands shown in the fed fish lanes. The single band detected in figure 2 with the unfed fish
is likely due to the blot not transferring evenly. It appeared the unfed lanes did not transfer as
well as the fed lanes did. This could explain the variability in the pixel volume obtained. These
results do not indicate exactly what tissue has the highest level of endospanin expression.
Therefore, further blots should be conducted on these and other zebrafish tissues to better
understand the role endospanin plays in teleost fish. Since little information currently exists on
endospanin, this study focused on obtaining baseline data. Further considerations should go to
monitoring endospanin expression in males versus females and if expression changes from
embryo to adult.
Further research could lead to a better understanding of why bony fish have the
endospanin and leptin genes on separate chromosomes unlike other vertebrates. From this,
scientists may be able to better understand these genes and why their position on chromosomes
matter. Previous research has been conducted on copy number variation (CNV), specifically E2
DNA copy number.7 Data supported the idea that a high E2 DNA copy number was associated
with leptin and endospanin.7 This occurs when leptin is downregulated and endospanin is
upregulated.7 This copy number is known to be associated with hypoglycemia and diabetes. A
suspected gene dosage effect is present.7 Endospanin may play a role in the insulin pathway.8
When endospanin is overexpressed, the expression of FoxO is blocked.8 FoxO mediates the
effects of insulin on cell proliferation and apoptosis8 Future treatments on endospanin expression
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could also help the medical community in terms of using one’s understanding of endospanin and
weight control to develop pharmaceuticals that can control weight or impact the insulin pathway.
The feeding experiment was marred by using older animals. All females were selected by
visually identifying a swollen abdomen. However, upon dissection at the end of the experiment,
some animals were actually males with cysts in their abdomen. In addition, fish were not
aestheticized to get initial measurements, adding error.
Challenges arose in this study when conducting the blots. Originally the reagent TCEP
was being used in the samples instead of DTT as a reducing agent. Blots conducted with TCEP
were not well dissolved. This was also my first-time conducting western blots, and thus not all
blots turned out. Coinciding with running western blots for the first time is obtaining enough
protein sample from each tissue to be able to successfully run a blot. Many blots failed because
not enough protein was being loaded onto the gel. The goal was to have 50 μg of tissue per lane.
Since brain and heart tissues are smaller tissues many times these tissues were being diluted too
far when making the homogenate. This resulted in low protein assay concentrations. My
experience with these mistakes means they can be prevented in future western blots.
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Conclusion
Endospanin expression was clearly seen in liver, heart, and ovary tissues of zebrafish.
The feeding experiment showed endospanin expression was not significantly different in fed
versus unfed fish. Thus, feeding versus non-feeding does not affect endospanin expression. This
introductory study has highlighted possible tissues that should be more closely studied for
endospanin expression and paves the way for future, more intricate, research regarding the study
of endospanin expression in zebrafish.
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